The aim of our study was to determine the impact of genetic polymorphisms in the caspase (CASP) genes on prognosis of hepatocellular carcinoma (HCC). We genotyped 7 potentially functional polymorphisms in CASP3, CASP7, CASP8, CASP9, CASP10 genes in 362 HCC patients of receiving surgical resection of HCC tumor. The associations of genotype and haplotype with overall survival (OS) and disease free survival (DFS) were analyzed by using the Cox proportional hazards model. We found that the CASP9 rs4645981 C allele was significantly associated with positive effect on DFS (P = 0.011 and 0.016 for CT+CC vs. TT in univariate and multivariate analysis, respectively), CT genotype was associated with a better OS of HCC than the TT genotype both in univariate and multivariate analysis (P = 0.048 and 0.041, respectively). Moreover, the CASP3 rs2705897 GT genotype showed marginally significant association with decreased OS and DFS, compared with the GG genotype. One haplotype TT/TG in CASP3 (constructed by rs12108497 T>C and rs2705897 T>G) was significantly associated with decreased OS and DFS, compared to the common haplotype TT/TT both in univariate analysis (P = 0.021 and 0.026, respectively) and multivariate analysis (P = 0.025 and 0.030, respectively). The haplotype GT/GT in CASP9 (constructed by rs4645978 A>G and rs4645981 C>T) was significantly associated with decreased DFS both in univariate and multivariate analysis (P = 0.012 and 0.010, respectively). In conclusion, the CASP9 rs4645981 polymorphism, CASP3 and CASP9 haplotypes may be useful prognosis markers for HCC patients with surgical resection of tumor.
Introduction Hepatocellular carcinoma (HCC), mainly caused by chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infections, is one of the most commonly diagnosed cancers and the third leading cause of cancer-related death worldwide [1] . In 2012, about 782,500 new HCC cases and 745,500 deaths occurred in the world, making the incidence and mortality rates almost equal [2] . Although attempts have been made to predict recurrence and prognosis in HCC patients using clinical factors, such as positive portal vein thrombosis, large tumor size, increased serum alpha-fetoprotein (AFP), vascular invasion and advanced tumor node metastasis (TNM) stage, the long-term prognosis remains poor with reported 5-year survival rates ranging from 17% to 53% [3] . Therefore it is essential to better understand the mechanism of cancer progression and development in HCC and identify potential biomarkers for prognosis prediction.
Apoptosis is a genetically controlled process of cell suicide, which plays an important role in multicellular organisms [4] . As we all know, inappropriate regulation of apoptosis mechanism facilitates the accumulation of somatic mutations and thereby contributes to tumor initiation, progression as well as metastasis [5] [6] . Caspases (CASPs), members of a conserved family involved in signaling and execution in apoptosis pathways, are cysteine-aspartic acid proteases, which can be broadly divided into initiator (upstream) and effector (downstream) CASPs based on their functions [7] . To date, 14 family members have been identified [8] . CASP3, CASP6, and CASP7 belong to effector CASPs and they execute cell death process; CASP8, CASP9, and CASP10 transmit apoptotic signals and they belong to initiator CASPs [9] . All known CASPs possess an active-site cysteine and they cleave their substrates after the aspartic acid residue [10] .
Many studies have shown that genetic polymorphisms in CASP genes are associated with risk of various human cancers, including HCC [9, [11] [12] [13] [14] [15] . However, the influence of the CASP genes-related polymorphisms on the prognosis of HCC have not been investigated extensively. Therefore, we selected 7 potentially functional SNPs in CASP3, CASP7, CASP8, CASP9, and CASP10 genes and aimed to determine whether polymorphisms in these genes are associated with prognosis of HCC.
Materials and methods

Patients
From April 1996 to September 2009, a total of 362 Chinese Han patients with primary HCC newly diagnosed and received surgical resection of HCC tumor were recruited by the Qidong Liver Cancer institute in Qidong, Jiangsu province, China. The clinical outcomes of HCC were recorded until October 2014, with a median follow-up time of 53.0 months, which range from 2 to 110 months. The clinical diagnosis of HCC was based on the National Comprehensive Cancer Network (NCCN) clinical practice guidelines in oncology and histopathological examination. Patients with secondary liver cancers were excluded from our study. Patients with no other cancers were determined at the initial screening examination and were followed-up every 3months by researchers from the time of enrollment, stopping until death or the last time of follow-up.
There were no restrictions on gender, age and tumor stage for recruitment and 5 ml whole blood was extracted for each subject. Clinical characteristics such as tumor size, differentiation, venous invasion, and son on were collected via medical records with approval of patients. The clinical typing of tumors were determined by the TNM classification system of International Union Against Cancer (edition 6) and the histologic grade of tumor differentiation was assigned by the Edmondson grading system. Overall survival (OS) and disease free survival (DFS) were used as endpoints for the study. OS was calculated from the date of pathologic diagnosis/recruitment to death or the end of available follow-up.
Disease free survival (DFS) was defined as the time from pathologic diagnosis/recruitment to disease recurrence, metastasis, disease specific death or last follow-up.
Written informed consent was obtained from each patient before enrollment, and this study was approved by the Department of Scientific Research of Fudan University as well as the Qidong Liver Cancer Institute.
SNP selection
To select potentially functional SNPs in CASP3, CASP7, CASP8, CASP9, and CASP10 genes, we utilized the International HapMap Project database (http://hapmap.ncbi.nlm.nih.gov/), and the dbSNP database (https://www.ncbi.nlm.nih.gov/projects/SNP/). Finally, a total of 7 SNPs were selected for genotyping (Table 1) .
DNA extraction and genotyping
Genomic DNA was extracted from blood samples using the QIAamp DNA Mini Kit (GIA-GEN GmbH, Hilden, Germany). Genotyping was performed with Sequenom MassARRAY iPLEX platform by use of allele-specific MALDI-TOF mass spectrometry assay. Polymerase chain reaction (PCR) and extension primers for these 7 SNPs were designed using the MassARRAY Assay Design 3.0 software (Sequenom). Duplicate test samples and two water samples (PCR negative controls) were included in each 96-well plate. Genotyping quality was examined by a detailed QC procedure consisting of >95% successful call rate, duplicate calling of genotypes, internal positive control samples.
Statistical analysis
The haplotypes were constructed for the genes with at least two SNPs using Bayesian algorithm by PHASE software. Survival curves were estimated using the Kaplan-Meier method. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated for each analysis by using the Cox proportional hazards regression model. The effects of clinical variables, single SNP and haplotype on OS and DFS were assessed using the Cox proportional hazards regression model and log-rank test. All analyses were performed with SPSS software version 22 (SPSS, Chicago, IL). All tests were two-sided and a P<0.05 was considered statistically significant. 
Results
Patient characteristics and clinical predictors
The clinical pathologic characteristics of the 362 HCC patients and their associations with OS are summarized in Table 2 . There were 225 (62.2%) deaths at the time of analysis and the overall median survival time (MST) was 34.0 (95%CI, 27.4-40.6) months. In univariate analysis, tumor size and venous invasion were significantly associated with OS (P = 0.028 and 0.029, respectively) and DFS (P = 0.042 and 0.026, respectively). However, none of other clinical characteristics was significantly associated with OS or DFS.
Association analysis of SNPs with OS and DFS of HCC patients
There are 7 SNPs among CASP genes (CASP3, CASP7, CASP8, CASP9, CASP10) in the present study. The associations of these genetic polymorphisms with OS and DFS are detailed in Table 3 .
In univariate analysis, the CASP3 rs2705897 GT genotype possessed a marginally significant association with decreased OS and DFS, compared with the GG genotype (P = 0.072 and 0.078, respectively, Table 3 ). The CASP9 rs4645981 CT, CC and CT+CC genotypes were associated with significantly increased DFS, compared with the TT genotype (P = 0.012, 0.013 and 0.011, respectively, Table 3 , Fig 1A) . However, the CASP9 rs4645981 CC and CT+CC genotypes showed a marginally significant association with positive effect on OS, compared with the TT genotype (P = 0.066 and 0.057, respectively). Furthermore, the rs4645981 CT genotype showed a statistically significant association with OS, compared with the TT genotype (P = 0.048, Table 3 , Fig 1B) . A multivariate analysis of genotype association with OS and DFS of HCC patients was conducted by using Cox proportional hazards model, adjusted for the two significant clinical predictors (tumor size and venous invasion), and the results were similar to the univariate analysis. The GT genotype of CASP3 rs2705897 showed a suggestively negative effect on OS and DFS of HCC patients, compared with the GG genotype (P = 0.075 and 0.070, respectively, Table 3 ). The CASP9 rs4645981 CT, CC and CT+CC genotypes were still significantly associated with increased DFS, compared with the TT genotype (P = 0.018, 0.021 and 0.016, respectively, Table 3 ). However, the CT+CC genotype of CASP9 rs4645981 presented a suggestively positive effect on OS, and the CT genotype of rs4645981 showed a positive effect on OS of HCC patients, compared with the TT genotype (P = 0.041, Table 3 ).
Association analysis of haplotypes with OS and DFS of HCC patients
Since two SNPs in both CASP3 (rs12108497 T>C and rs2705897 T>G) and CASP9 (rs4645978 A>G and rs4645981 C>T) were selected in the present study, we constructed haplotypes for each of the two genes. We examined the associations of these haplotypes with OS and DFS of HCC patients. The detailed information is shown in Table 4 . We attained 7 haplotypes in CASP3 and 6 haplotypes in CASP9. In univariate analysis, CASP3 haplotype TT/TG was significantly associated with OS (P = 0.021, Fig 2A) and DFS (P = 0.026, Fig 2B) , compared to the common haplotype TT/TT (Table 4) . CASP9 haplotype GT/GT was significantly associated with decreased DFS and showed marginally associated with OS, compared to the common haplotype AC/AC (P = 0.012, Fig 3, Table 4 ).
Similar results were found in multivariate analysis adjusted for tumor size and venous invasion. The CASP3 haplotype TT/TG presented a negative effect on OS (P = 0.025) and DFS (P = 0.030) of HCC patients, compared to the common haplotype TT/TT (Table 4) . Meanwhile, CASP9 haplotype GT/GT presented a negative effect on DFS (P = 0.010) and suggestively negative effect on OS (P = 0.055) of HCC patients, compared to the common haplotype AC/AC (Table 4) . 
Discussion
Though many investigations have reported associations of SNPs in CASP genes with several types of cancer, studies of genetic polymorphisms in CASP genes on susceptibility to HCC is few, not to mention relationship between CASP polymorphisms and prognosis of HCC. The aim of our study was to evaluate genetic variants of CASP genes in relation to survival outcomes of HCC patients. To the best of our knowledge, this is the first evidence showing the relationship between genetic polymorphisms of CASP genes and prognosis of HCC patients. Our results revealed that CASP9 rs4645981 C allele was significantly increased DFS compared with the T allele and only the CT genotype was significantly associated with positive effect on OS, compared with the TT genotype. Moreover, the haplotype TT/TG (constructed by rs12108497 T>C, rs2705897 T>G) in CASP3 gene was significantly associated with decreased OS and DFS. The haplotype GT/GT in CASP9 was only significantly associated with decreased DFS. These findings suggest that the CASP9 rs4645981 and the haplotype TT/TG in CASP3 and GT/GT in CASP9 may be useful markers for predicting prognosis of HCC patients. Failure of apoptosis is a hallmark of human cancers. As an effector CASP, CASP3 plays an important role in the execution phase of apoptosis, also in the development and progression of cancers [16] [17] . Several previous studies have shown associations of CASP3 polymorphisms on the risk of different types of cancer, including HCC [13, [18] [19] [20] . Moreover, studies in several tumor types indicated that the expression levels of CASP3 have effects on the development and survival of cancers [8, 17, 21] . In our study, the haplotype TT/TG (constructed by rs12108497 T>C, rs2705897 T>G) was significantly associated with decreased OS and DFS in patients with HCC. The findings of previous studies and ours suggest that polymorphisms in CASP3 may increase risk of development of HCC and lead to poor survival outcome in patients with HCC, through reducing the apoptotic capacity. CASPs have two distinct but converging pathways for activation, including extrinsic pathway and intrinsic pathway. CASP9, an important initiator CASP of the intrinsic pathway, is activated by the release of cytochrome c from mitochondria, activates downstream the effector CASP3 and CASP7 [22] [23] . Many previous studies have shown that polymorphisms in CASP9 were associated with various cancer types, especially in the promoter region. For example, Theodoropoulos GE et al. [22] evaluated the association between two SNPs (rs4645978, rs4645981) in the promoter region of CASP9 and the risk of breast cancer. They found that the rs4645978 G allele was at high risk for breast cancer development and similar results for the rs4645981 T allele, which was significantly associated with increased risk of breast cancer, compared with those harboring the CC genotype. However, Park JY et al. [24] found that CASP9 rs4645978 polymorphism played a protective role in susceptibility to lung cancer risk and the rs4645981 T allele was at a significantly increased risk of lung cancer compared with those harboring the CC genotype. Moreover, previous studies demonstrated that CASP9 polymorphisms and expression were associated with prognosis of cancers [25] [26] . To our best knowledge, the present study showed the first evidence of association between polymorphisms in CASP9 and the prognosis of HCC patients.
We acknowledge that there were several limitations in our study. First, the sample size of the present study was relatively small. Therefore, larger sample size and follow-up studies are warranted to confirm our findings. Second, determination of the exact functional influence was not performed in our study. Functional studies on biological mechanisms are needed to investigate in further studies. Third, other treatment information such as whether or not receiving targeted therapy was not collected in our study, except for surgery which is the most important factor for prognosis of patients. Finally, though two clinical and pathologic characteristics showed significant associations with OS and DFS, including tumor size and venous invasion, it is regretful that we failed to collect accurate information of these factors in our study. We only performed multivariate analysis by adjusting these potential prognostic factors. Further studies are essential to evaluate the role of genetic polymorphisms in HCC patients with more complete and comprehensive clinical pathologic characteristics. In conclusion, our results provide suggestive evidence that CASP9 and CASP3 genetic polymorphisms may be independent prognosis markers for HCC patients with surgical resection of tumor. This study is the first evidence showing the relationship between genetic polymorphisms of CASP genes and survival outcomes in HCC patients, more comprehensive studies are needed to confirm our findings and investigate the associations between CASP genetic polymorphisms and prognosis of HCC patients. 
